. It has not been demonstrated whether antibiotic treatment eradicates C. pneumoniae from vascular tissue. The aim of the present study was to assess the effect of clarithromycin on the presence of C. pneumoniae in the vascular tissue of patients with CAD. Patients who had CAD and who were waiting for coronary artery bypass graft surgery were enrolled in a randomized, double-blind, placebo-controlled trial. Patients were treated with clarithromycin at 500 mg or placebo once daily from the day of inclusion in the study until surgery. Several vascular tissue specimens were obtained during surgery. The presence of C. pneumoniae in vascular tissue specimens was examined by immunohistochemical staining (IHC) and two PCR assays. Chlamydia immunoglobulin G (IgG) titers were determined by an enzyme-linked immunosorbent assay at the time of inclusion in the study and 8 weeks after surgery. A total of 76 patients were included, and 180 vascular tissue specimens were obtained (80 specimens from the group treated with clarithromycin and 100 specimens from the group treated with placebo). Thirtyfive patients received clarithromycin (mean duration, 27 days; standard deviation [SD], 12.2 days), and 41 patients received placebo (mean duration, 27 days; SD, 13.9 days). IHC detected the C. pneumoniae major outer membrane protein antigen in 73.8% of the specimens from the group treated with clarithromycin and 77.0% of the specimens from the group treated with placebo (P was not significant). Chlamydia lipopolysaccharide antigen was found in only one specimen from the group that received placebo. C. pneumoniae DNA was not detected in any specimen. Baseline Chlamydia-specific IgG titers were equally distributed in both groups and were not significantly different after treatment. There was no indication of an active C. pneumoniae infection in vascular tissue. Chlamydia-specific IgG titers remained unchanged throughout the study in both the antibioticand the placebo-treated patients.
Many risk factors for atherosclerosis have been identified. However, atherogenesis is not fully understood, and recently, infectious pathogens, particularly Chlamydia pneumoniae, have been considered potential risk factors for atherosclerosis (6) . It has been proposed that during respiratory tract infection C. pneumoniae reaches vascular tissue via infected leukocytes. In vascular tissue, C. pneumoniae can infect atheroma-associated cells and can induce inflammatory cytokine production and smooth muscle cell proliferation (16) . C. pneumoniae may also cause endothelial cell dysfunction and promote the secretion of matrix-degrading metalloproteinases that destabilize the atherosclerotic plaque (16, 18) . Chlamydial lipopolysaccharide (LPS) and the 60-kDa chlamydial heat shock protein may contribute to atherogenesis by promoting foam cell formation, lipoprotein oxidation, and proinflammatory cytokine activation (16) .
Some seroepidemiologic studies have found an association between C. pneumoniae and coronary artery disease (CAD). Prospective serologic studies, however, failed to demonstrate any association (5) . Further indications that C. pneumoniae might play a role in atherogenesis came from studies that identified C. pneumoniae in vascular tissue by PCR, immunohistochemical staining (IHC), electron microscopy, and culture (6) . However, the results of those studies are inconsistent, and huge variations in detection rates have been reported (6, 8) .
The results of some small clinical trials that showed beneficial effects from antibiotic treatment encouraged many groups to further investigate the effects of antibiotic treatment on the secondary prevention of cardiovascular events (9, 10, 13) . Those studies were based on the hypothesis that antibiotic treatment for C. pneumoniae infection eradicates the organism from the vascular wall in patients with CAD. This would end the infectious process, which would stabilize atheromas and decrease cardiovascular events. However, it has not been studied whether antibiotic treatment eradicates C. pneumoniae from the vascular tissue of patients with CAD. We initiated a placebo-controlled, double-blind, randomized clinical trial to investigate the effect of clarithromycin treatment on the presence of C. pneumoniae in vascular tissue and on circulating A universal internal control was used to monitor the clinical specimens for the possible presence of PCR inhibitors. This internal control sample consisted of a whole-virus preparation of phocid herpesvirus type 1 (PhHV-1) (12), which was added to the original clinical sample at a final concentration of approximately 5,000 to 10,000 DNA copies per ml. Primers PhHV-F1 (5Ј-GGG CGA ATC ACA GAT TGA ATC-3Ј) and PhHV-R1 (5Ј-GCG GTT CCA AAC GTA CCA A-3Ј) and a probe (5Ј-VIC-TTT TTT ATG TGT CCG CCA CCA TCT GGA TC-TAMRA-3Ј, where VIC is 6-carboxy-fluorescein) were used to amplify PhHV-1, which for uninhibited samples had cycle threshold value of approximately 30. Amplification was carried out with both C. pneumoniae-and PhHV-1-specific primers and probes in a multiplex PCR.
The reaction mixtures were prepared with a 96-well MicroAmp optical plate (Applied Biosystems) by addition of 5 l of extracted DNA to 45 l of a PCR mixture containing 1ϫ TaqMan universal PCR master mixture (Applied Biosystems), 600 nM VD4 forward primer, 300 nM VD4 reverse primer, 150 nM FAM-labeled fluorescent C. pneumoniae-specific probe, 5 l of PhHV-1 (whole virus), 400 nM forward primer PhHV-F1, 400 nM reverse primer PhHV-R1, and 150 nM VIC-labeled PhHV-1-specific probe. The 96-well plate was centrifuged at 1,000 ϫ g for 1 min at room temperature in a swing-out rotor to remove the small air bubbles in the reaction vessels. Amplification and detection were performed with an ABI Prism 7900HT sequence detection system (Applied Biosystems) by using the standard protocols of the manufacturer. The PCR cycling program consisted of 2 min at 50°C, 10 min at 95°C, and 50 cycles of 15 s at 95°C and 1 min at 60°C. Each run contained (i) negative controls (one for every four extracted DNA samples), (ii) a positive control series containing known amounts of C. pneumoniae (5, 2, and 1 inclusion-forming units), and (iii) a negative mixture control. A specimen was considered positive for C. pneumoniae if the fluorescence was above the cycle threshold limit. Specimens were considered negative for C. pneumoniae if the internal control was positive with a cycle threshold value of Յ35.
Industry-developed RUO-PCR. The presence of C. pneumoniae DNA in specimens was also examined by an industry-developed research-use-only LCx C. pneumoniae PCR (RUO-PCR; Diagnostics Division, Abbott Laboratories, Abbott Park, Ill.). Abbott Laboratories personnel performed the RUO-PCR assay at Abbott Laboratories as described earlier (7). Briefly, an activation mixture was prepared by mixing equal volumes of LCx Activation Reagent II and LCx C. pneumoniae oligonucleotide mixture. Forty microliters of the freshly prepared activation mixture and 30 l of the purified DNA samples were subsequently added to the appropriate LCx amplification vial. The total reaction volume was 200 l. Amplification was carried out with a 480 thermocycler (Perkin-Elmer, Norwalk, Conn.) under the following conditions: 97°C for 2 min; 40 cycles of 97°C for 30 s, 59°C for 30 s, and 72°C for 30 s; and finally, 1 cycle of 97°C for 5 min and 12°C for 5 min. PCR products were detected with an LCx analyzer. Samples yielding a rate over 100 cps were considered C. pneumoniae positive. This cutoff was determined by testing titrated C. pneumoniae isolates and uninfected HEp-2 cell DNA multiple times (7) .
Specimens were coded, and all detection experiments were performed blind. The code was revealed when the study was completed.
Statistical analysis. All baseline characteristics were analyzed by a 2 test or a Student's t test, when appropriate. A P value of Ͻ0.05 was considered statistically significant. The SPSS (version 11.0) statistical software package was used for all calculations. Figure 1 shows that a total of 80 patients who had CAD and who were waiting for CABG surgery were enrolled in the study. Four patients who concomitantly used other antibiotics during the study period were excluded from this treatment analysis due to possible additive effects. Thirty-five patients were randomly assigned to receive clarithromycin, and 41 were randomly assigned to receive placebo. Table 1 shows that the baseline patient characteristics were well balanced between the two treatment groups. The mean number of treatment days for both groups was 27, as indicated by the number of tablets used.
RESULTS
During CABG surgery, 180 vascular tissue specimens were obtained, including coronary atheromas (n ϭ 31), obstructed old CABG specimens (n ϭ 12), mammary artery specimens (n ϭ 66), and saphenal vein specimens (n ϭ 71). All atheromas and obstructed old CABG specimens showed histological signs of inflammation and advanced atherosclerosis (thickened intima, plaques with thrombus, lymphocytes, foam cells, and surface defects). The other specimens showed normal to slightly thickened vascular walls.
The results of IHC are presented in Table 2 . The C. pneumoniae MOMP antigen was found in the majority of specimens of both study groups. Chlamydia LPS antigen was found only once, in an atheroma from a patient in the placebo group. There was no significant difference in the presence of antigens between the two groups. The real-time PCR and the RUO-PCR failed to detect C. pneumoniae DNA in the 180 vascular tissue specimens.
Chlamydia-specific IgG antibody titers were measured upon inclusion in the study (baseline serology) and 8 weeks after the completion of treatment. Baseline serology was positive for 81.6 and 73.8% of the patients in the clarithromycin group and the placebo group, respectively. The corresponding rates 8 weeks after treatment were 78.9 and 66.7%, respectively. Clarithromycin had no significant effect on Chlamydia-specific IgG antibody titers. In both treatment groups, the Chlamydia-specific IgG antibody titers after treatment were not significantly different from the baseline titers.
DISCUSSION
Macrolide antibiotics, including clarithromycin, are active against C. pneumoniae. The hypothesis that C. pneumoniae infection is a risk factor for atherosclerosis has led to clinical trials of macrolide treatment in patients with CAD (13). Human placebo-controlled trials have been performed to investigate the clinical effects of antibiotics in patients with vascular disease. These studies follow the hypothesis that macrolides will kill C. pneumoniae in the vascular wall, which will subsequently end the infectious process. Thereby, the plaque will be stabilized, which will result in fewer complications of atherosclerosis. However, whether antibiotic treatment has an effect on the presence of the microorganism in vascular tissue has not been studied well.
In the present study, vascular tissue specimens were tested by an automated real-time PCR which combines amplification, hybridization, and quantitative product detection. The specimens were also tested by an industry-developed RUO-PCR. Both methods failed to detect C. pneumoniae DNA in any specimen. This indicates that there is no evidence of active C. pneumoniae infection in the vascular tissue of CAD patients. This questions the use of antibiotics for this indication.
Melissano et al. (21) evaluated the effect of roxithromycin on C. pneumoniae in carotid atheromas. Those investigators concluded that roxithromycin treatment was effective in eradicating C. pneumoniae from carotid atheromas, since C. pneumoniae DNA was detected in 31% (5 of 16) of the atheromas in the roxithromycin group and in 75% (12 of 16) of the atheromas in the control group. However, they used a conventional seminested PCR assay to detect C. pneumoniae DNA. Conventional PCR assays are unstandardized and are known to produce conflicting results, including false-positive results (2, 3) . Also, that small trial was unblinded, which limits the accuracy of the results. Efforts have recently been focused on the establishment of quantitative real-time PCR and RUO-PCR technologies. The first reports on evaluations of these tests suggest that they are sensitive, specific, and reproducible (4, 7). The conclusion from our DNA detection experiments must be that there was no active C. pneumoniae infection in the vascular tissues of patients with CAD.
The results of IHC were different. A high prevalence of C. pneumoniae MOMP antigen was found in both groups. Chlamydia LPS antigen was detected by IHC in only one specimen from the placebo group. These results are consistent with the findings of other investigators. The abundance of MOMP antigen and the low rate of detection of LPS antigen in vascular tissue specimens have been reported before (6, 19, 20) . IHC is a valuable technique but is limited by the need for the subjective reading and interpretation of the results. These remain (24, 27, 29) . It is also possible that components of Chlamydia-like microorganisms described recently can cause cross-reactivity to the monoclonal antibodies used in IHC (19) . Recently, the results of a study by Hoymans et al. (14) suggested that a positive IHC result was obtained because of nonspecific cross-reactivity between MOMP antibodies with plaque constituents, such as ceroid deposits.
In the present study, we could not demonstrate any effect of clarithromycin on the presence of C. pneumoniae MOMP antigen in vascular tissue. A similar finding has been demonstrated in studies with animal models. Azithromycin treatment was not associated with the elimination of chlamydial antigen from vascular tissue specimens of rabbits infected with C. pneumoniae (22) . Also, in a mouse model, azithromycin treatment did not affect the presence of C. pneumoniae in the aorta, lung, or spleen (26) .
Clarithromycin treatment had no effect on Chlamydia-specific IgG antibody titers, and we found no significant difference between the baseline titers and the titers measured 8 weeks after treatment. Circulating Chlamydia-specific antibody titers have been used as a marker of the response to antibiotic treatment. Gupta et al. (9) reported that azithromycin had a significant effect on Chlamydia-specific IgG antibody titers. However, our study supports the results of other trials (1, 15, 17, 23, 28) that have found that antibiotic therapy does not influence Chlamydia-specific antibody titers in patients with vascular disease. This is the first placebo-controlled, double-blind, randomized clinical trial to assess the effect of antibiotic treatment on the presence of C. pneumoniae in vascular tissue. The major finding in this study is that C. pneumoniae was not present in vascular tissue, including atherosclerotic plaques of patients with advanced CAD. Only the MOMP antigen was found. Since C. pneumoniae is no longer present in vascular tissue, it is unlikely that antibiotic treatment will have any effect in patients with advanced atherosclerosis. This explains the results of many clinical trials (1, 11, 15, 17, 23, 28, 31) that have failed to demonstrate any beneficial effect of antibiotic treatment in patients with vascular disease. 
